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MEDEA
ABSTRACT
STUDIES ON THE ANTIPROTEQLYTIC
ACTIVITY OF EGVINE BLOOSD
OBJeCT

Te determine whether the antiproteolytic activity of boving biood
against iropsin and plasmin is due to one inhibitor or to separate pro-

tzolytic inhibitors,

RESULTS AND CC. .CLUSIONS

Antiproteolytic assays for bovine serurm gave an averags value of
11 L2 for the raiic of trypsin tnhibiting t¢ piasmin inhibiting act 1y
Ammonium gulfate rractionation, eircirophaeresis and heat inactivanon
were emploved in an attempt to separais antitryptic and ant:plasmic
activity. Howe.er, no mignificant changes fiom the above anfiy vpain/
antipiasmin rafio we c2 ol.crved with the different inhibitor preparations
Tre results obtrined, th+refore, are in agreement with the assumption
that the antitrypiic and antiplasmic a. ivity ~f bovine blood 18 due o a
sir ~'= inhibjtor.

RECOMMENDA [TONS

Faurther purification of the antiproteoiytic preparstions, vatained
by electirophoresia of cevta.n boviane piasma fractions, 4 rnocated
These studies should be extended o huyman Linod




Fepcrt No. 76

“roject No. 6-64-12-028
subtask USAMRL S5-11
MEDEA

ABSTRACT

STUDIES ON THE ANTIPROTEOLYTIC
ACTIVITY OF BOVINE BI.OOD

erinine ~hether the antiproteclvtic activity of bovine blowd
irypsin and plasmin is due (v one inhiitor or to separate vro-
tealviic inhibitors,

RESULTS AND CONCLUSIONS

Artiproteolytis assays for bovire szrum gave an average value
i1 22 for the ratio of trypssn inhibiting ta plasmin inhibiting activity.
Ammeomurn sullate fraciionativn, elecirophoresis acd hest inactivatics
wer cmpioyed 1n an attempt to separate avtitrypt’ © and ardiplasmic
actvaty. However, no significant changes {rom the above amitrypsin/
antiptasmin ralio were observed with the different .nhibitor preparations
The r#sults oblained, therefor=, are 1n agreement .ih the .isumption
that the anti.ryptic and antiplasmic sctivity of bovi..e blood 18 due ¢ %
single inhibitor.

RECOMMENDATIONS

Further purisnication of the antproteniylic preparations, obtained

vy electropheresis of ceriain hovine plssma fractions, 18 indicated.
These studies zhould be extended to humar blood.
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STUDIES ON THZ ANTIPROIEOLY 710
ACTIVITY OF BOVINE BLOOD

i, INTRODUC TION

known for somy time that mammalian blood inhibits

it has bee-
trypain and plasmiin. The problem of specificity ot this antiproteclvtic
activity 15, at present, still not resuived. Several investigators {1-5)
have orescnted evidence for the pressnce in human L. f different
inhibitory agents, which varv in tueir specific effect on trypsin and on

plasm:n.

The present work s Concerned with a comparison of the anfitryvptic
and antiplasmic activities of various bovine plasma fractions using
casesn a3 a substrate. Th: ratin of antitrypiic to antiplasniic acuwvity
for the various inhibitor {ractions prepared was used as an index of
whetnher or not atl of the antiproieolytic activity of beef blood agains:
trypsin and plasmin is e to one mhibitor ov to separate proteolvtic
inhibitora.  The data obtained are in agreement with thr asssmption
that the antiproteolytic activiiy of Leef blond 7o ine’ trypsin and plasmin

is ex. rigd by » singular inhibitorv factor

. esrexIMENTAL

AL

e procedure for obtaiming inhibutor fractuions {and 11 1s

s:milar to tha, emploved by l.oorma and his asvociates {b) and by
Peanasky and Laskowsk: {7},

i, Inhibitor Fraction 1, (Oxalated bovine blowd waxy collected
at the slaughier house, 2axd centrifuyged at 49 ¢ To ane hter of axalatea
s ' %

clasma, cooled o -85 0 was added 1500 mi of 0. 9% salin~. After
thorouygh muxang, 605 gy of amimoniuam sulfate was slowiy adied with
stirring and the sclubion war allowed to stand at 0-3° C for at least

< hours. Afrer centrifngat:on an the cold for 45 myn at 1360 g, the
supernatant was adjuaied 1o pH 3. to 8 with 3N suliurie acd Ate -
stirring for 10 min st 49 O, the solulion was centrifuyed at @ O for

45 min at 13060 ¢, the srecipitate was discarded and the superratant

P

immediately adjLsted to piHH 6 1o T owith 5 N sodiun, hodroxade U eaeh

G0 ml of golunion 23 05 gm of ammonium saifate was Cou’ adde?

with constant stirring.  Alter standing, {or abans 4 hors in the et ver

-
3

ator the soluhion was ceco-ifoaad, T aipermalant vas s a o e




th - nrecipitate Jdissolved in a minimum of distitied water and draivzea
against distylled water at 4% C. Alter dialysis, the protern concentration
of the sclution was adjusted to 1% by the addition of distilled water nd
42 gm of ammonium sulfate wase added with stirring, at room temper-
ature, for each 100 ml of solution. After standing at room temperature
overnigat, the solution was centrifuged. 7To the supernatant, 7 gm of
ammonium sulfate was added for each 100 ml of the original 1" proteir
soluticn.  After standing for 4 to 6 hours at room tempersiure, the
solution was centrituged and the obtained precipitate dissclved in &
Frinimeem amount of distilled water., After dialysis againat distilled
water at 42 C, the solutiv. was lyephilized (inhibitor {raction I).

2. Inhibitor Fraction II. This preparation was cbtained by
further tract:onation of . hibitor fraztion [ with ammonium sulfate.
inkFmitor fraction [ was dissolved 1n 0. 9% saline at a praotesn concen-
traiic. of 1% For each 100 ml of the soiution 35 gm of ammonium
sulfate was add-4 with stirring at room temperature, Any precipitate
formed was remuve. by centrifugarion, and the supernatant after cooling
to 07 C adivsted to pH 4. 0. After stirring for 10 msn at 09 . the so-
‘ution was centrifuged in the cold and the supernatant adjusted to pH
T 0. Seven gm of ammonium sulfate were added for each 100 m! of the
solution and the mixture i2ft sianding at room temperature for
» hours. Any resulling precipitate was removed by centrifugation
and 14 g of ammonium sulfate for each 100 ! of the rmiual solution
wan adued to the supernaitznt. The entire procedure was renested three
imeas or entil no precipilete waa {ormed exvept in thz final fraction
p Tecipitated betweer 50 to BI% ammonium sulfaie saturaticn, The {inal
2,4 -0 83 SAS precipitate was disgolved in distilled water, diaiyzed
aganst dintilled water at 42 € and lyophilized pinmibitor tracuon 1),

The varicus intermediate fractions odtained hy fractionation
of plasma by ammaoninm suifate precipital,on were foun! th exert none
or only aligh! antiproteoivhic avtivity per mg proten when ¢ompared to

tae firal snhibitor fractiaons | and 1.

fectrapharen Jeparatior of Inhibitor Fraction I

A cnantinuous paper electraphores:s technicue, as descmbhed
by Seiden and Wesipha! (B), was smploved {or {urther fractionation ot
inhibitor fraction I, The preparation was lissolved in Michaeiss
buffer (pH #. 5L, . * J.05) at « prateir concentiathist of about &%, The
solution wau fed onin Ahatinas ¥ MM pape- tor S48 hours o an apnlied
poleii.al [12%¢  The ervins ! eiectroohioresia patie . nshowed exxentiall.

4 fractions of diiirerent mobkihities
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C. Heat Inactivation Studies

Inbibitor fraction 1 or Il ir concentratiors of 1, 2% in Tham-Na(C}
buifer were heated ait varving temperaturc . and length of time, ag n-
dicated 1n Tabies 3 to 5, cooled rapidly in ice water and tested subae
quently, For antiprcoteolytic assays ti¢ sviution was diluted with

Tham -NaCl bufter to a co. centration cptimal for the determiination of

the antiproteolyvtic activity. L. all case . the antiproteolytic activity of
the heated matersal was con pared with "4t ¢f an unheated contro? sample.

[, Enzyme Preparations

A stock 2olution was prepared which containe? 3 to 4 mg
of crystailine sait free trypsin® an 100 ml of 0 0025 N hydrochioric
auid.

e Plasrmin

I'wo hundresd gm of dried hurman plasma fraction {[[*® were
finely ground and extracted with 4 liters of 2,2 N sulfuric acid for half
ar hour at room temperature (§). About 10 gm of Celite was wdded to
the muxture wiich was filtered rapidly through a Buchner funnel, The
filtrate waa immediately adjusted to pH 7 ta 7. % with 4 N zodrum hy-
droxide artd ammonium sulfate was added slowly with stirring to 20%
salarsior (‘4 gm of 22l .o each 100 il of solution}  The solution
was filtered with the aid of Colite through & Buchner funnel, and the
same armount of arrmonium sulfate a3 used in the first precipitation
was added to the {iltrate. The mixture w~as allowed to stand st 4° C
for . to 4 ho =» and the p1 -cipitate, obtairned after centrifugahion at
19 C for | hou, at 1300 g, was dissolved in 300 m) of M/15 phesphats
bhuffer ipii 7. 2). To the solution were added 1600 umits of streptokinage®es
fer each gm ot fraction '] used a¢ starting material, The mivture was
alowed to stand for 15 to 30 min at 25 io 267 O, adjusied to pH 3.7 with
PN hvdrochloric acid and diaiveed against N/ 1000 hyvdrochloric aaud

N
I . . . .
at A7 U ann) free of sulfe*~ yons.  The [rude plasmin, odtained after

2Obtained ‘rom worthington Brochemscal Salze Companv, Treenold,
New Jersev.

*e¢Obtained through the courtesy of the Americsn Mational Red Crose
and Kindly sipplied to us by tFe Jutter Laborator.ce

eRsStreptov mase -Sireptodornase Varidase was supplied 1o oas through

the generosity of lederiv Laboratnriew

£ . | ——e
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lyophilization, was made ap to a 1% solution 1n N/ 1000 hyaru.™ i
acid. Sodium chloride was added to a concentration of 3% and th-
mixture kep. at 4% C for 3 1o 4 hours., Any precipitate torm-21 was rv -
moved by centrifugation and the sypernatant was brought to 20% sodium
chloride concentration. After standing for 2 hours at 4° C, the ore-
cipitate was removed by ceuntrifugation, dissolved in N/1000 hvdrochloric
acid, dic'vzed against N/1900 hvdrochloric acid in the cold, and then
Ivophilized., Thz partiallv pu~ified plasmin preparation was guite
soluble in distilled wa*»r. [t was found that the proteolytic activity of
this plasmin preparation was apparentiy of a similar order as the hunian
piasmin preparation? oy Fishman and Kline (1), who employved a some -
what different preparation procedure,

E. Casein Substrate

A 1% casein (11} s-lution was prepared by heating | gm of
casein in 100 m1 of pH 7. 4 phosphate -saline bufier ir a water bath for
15 min.  Afier faltration from traces of insoiuble matenial, the solution
was stored in a refrigerator. A fresh solution was made everv ¥ weeks.

D. Assay Procedure

I. Antifibrinoivtic Test

in earlier experiment:, attempts wer* ruade to de-

terinine alao the antifibrincivtic activity of inhibitor fractions {nr
trypein and human plasmin. It was observed, however, in agrees-
ment with Sherry and his associates (12, 13), that the determina -
tion of fibrinolytic activity of atreptokinase aciivated humar plas-
minogew, using bovine f{:brinogen and thrembin, may give ¢ironeous
resulta. This lack of reliaolity of the tzst was found, 'n agree-
ment with Sherry and M asszociates (12, 13}, to be due ¢ possible
contaminatic : of the bovine fibrinogen and thrombin with plasminogen
which 18 converted to plasmin by the strepiokinase activated human
plas: ir As 2 1esuil of these findings, the antfibrinelvtic aseay
was, at present, dircontivued and the resuits on the axtifibr nolvtic
activaty of various inhibitor fractions thus far obtained have been
omitted from tmws presentation

*Findly supplied to us be T David 1. Kine, Yaie Meaical Sohaal,

New Haven, Connectioat,
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2. Antiproteolytic Test

A modification of the methods of Kunitz (14) and of Rernmert
and Cohen (15) was employed for determining proteolytic and antiproteo-
lytic activities using casein as substrate.

3. Reagents

TCA: A 5% solution ot trichloroacetic acid (Mallinckrodt-
USP Grade) was made in distilled water.

THAM -NaC. Buffer: 12.5 gm of ris(hydroxymethyl)
minomeihane was dissolved in 500 ml of distilled water. After addition
of 20 gm of sodium chloride and B5 ml of 1 N hydrochloric acid, the
firal volume was brought to 2 liters with distilled wat=r an. .. pH ad-
justed 15 7.25, All inhibitor preparation. were dissolved ir ihis huffer.

a. Determination of Antiproteolytic Activity. To 1 ml
of buffered inhibitor solution was added | !l of standardized plasmin
or iypsin solution®. Inhibitor and enzyme vere permitted to react for
30 min at 25 to 26° C; 2 ml of i% casein solution was ther added and the
Inixture incubated for 30 min at 359 C ¥ 19, As blanks suitable controls
were se! up. Enxyme activity was stopped in the blinks immediately
after *he addition of the casein solution and in the samples after 10 min
incubation at 357 C 1 1° by the addition of 5 &' »f 5% trichloroscetic
acid, The tohes were allowed to stand at room  ~wrperature for 2 hou-s
aith occanional shaking, The precivitate was then removed by filtration
through 3 & S #589 {ilter paper. The oplical density of the TCA filirates
wne read at 280 mu sgainst appropriate blanks in » Beckman DU Spectro-
rhotrmeter.  All antiproteolytic activity determinati~ne vrere carried
out 1 duplicste or tripli-ate.

b.  Definitior. of Proteolytic and Antiproteolytic Activity.
Ten trypein or ten plasmin Cnits were arbitrarily defined as that degree
of protecliviic activity which would produce an optical dersity of 0. »0¢
after incubation with casein for 30 min at 3%° C 1 ' i was {ound
that 68 ¥ of the cyrstailine trypsin used corsespond to ten proteolylic
trypsin units, Corrcupondingly, one antitrypsin or one antiplasmin

vt wag  wand aat eoluticns containing approsimately 30 v of trypein
or 2 myp ciplaeminper raivwere rnost sustable for these antipratenivne
studies.




unit would be equal to that amount of the inhibitor preparation capabhle
of inhibiting 1 unit of trypsin {6.87) or of plasmin respectively. Re-
spective curves, obtained by plotting optical density against the enzyr -
units, were used to calculate the antiproteolytic activity of an inhibitor
preparation for trypsin and tor plasmin respectively {Fig. | and .

The best reproducible and most reliable determinations were found to
fall in the siraight line pa:t of the curves.

In the assay, the difference between the number of pro-
teolytic units in the standa:d erzymne solution and in the enzyme so-
lution zontaining the inkibitor is indicative of the number of enzyme
units inhibited. The antiproteslytic activity of an irhibitor fraction has
been expressed a3 anii*rypsin and antiplasmin units per mg of {Tepa-
ration aad formed the basis for the calcuiaston of the ratio of antitrypsin
to antiplasmin activity

HI. RESULTS AND INTERPRETATION

The average v..lue for .he antitrypsin/antiplasmin ratio for the
vATious preparalions reported and eeveral others not inciuded in this
presentation w»s found tobe 112 3. Az can be seen from Table !, the
ralio between antitryptic and antipiasmin activity was 11,1 for beef
serurn.  Several invesiigators {16, 17, 13} have already reported that
the inhsbition of plasmin requires a higher concentration of serum or
plasma than is necessary to inhibit trypsin of equal protrolytic potency.

Should snv separation of the antitrypsin and antiplusmin activity,
present in beef blood, occur during the various stages of purification
cr heat inactivation, one would expect & corresponding change in the
antitrypsin/antiplismin ratio as established for bee! scrum. Inaibitor
fractions | "nd II, obtained by ammonium su'fate fractionatio~ of bovine
plasma, gave an antitrypain ‘antiplasmin ratic of 9. 9 and 12. 8 res-
pectively, falling within the ranees of the antitrypsin/antiplasmir ratio
established ior bovine serum.

Table 2 presents the resulte obtained by clectrophoretic separation.
Most of the antiproteoivtic activity was obvicusly concentrated in the
frat moving coriponent. The antitryptic activity, found for fractions
D and £, would indicate that | myg of these inhibitor preparations would
inactivate about 0. 5 mg of crvsialline trypain.  The data 5f Table 2 aiso
tilsutrate tha! no significant change in the antitrypsin/anuplasiy .r rato
wrs found for aay of the fractions obtain:d by elec.:vphoresis,

Tables 3 rthrough S present the vesults of heat 1nactivathion ex
perinients with inhibitor frections | ard II. The data show that the

b




antitrypsin/antiplasmin ratios for the various heated pr narations held
reasonably conastant, exhibiting only minor variations 21! within the
range of experimental error. It would appear, therefore, that the
thermal destruction of antitryptic and antiplasmin activities occurred
at the same rate. [t seermns that the more purified inhibitor fraction il
is somewha. more heat stable than inhibitor fraction I (Tables 4 and 5j.

Shulman (2) reporteu that heating of human serum at 60° " for 20
min decrearsd antitryptic activity tc 10% of its originai value while
the ability to inhibit plasmin remained practivally unchanged. As can
be seen {rom the data of Tebie 3, comparatively little loss in antiiryptic
activity of iohibitor fractions I and 1l occurred on heating at 60° C for
4% min. It is quite possible that human blood may contain a hext iabile
specific antityypsin inhibitor which is, apparently, not present in bovine
bloosi. Racently Shuiman {19) described an antitrypsin preparatior from
human plasms which is comparatively heat stable. The possibie identity
of this inhibitor with ihe antiproteolytic factor from bovine blood has s5till
to be elucidated.

iv. DISCUSS'ON

The present {indings are ir agreemenut with the #ssumptiion that

the antiproteolytic activity of bovine blood, inessured against trypsin
and plasmin, is dne to a single inhibitor. The results are in contrast
to the evidence {or the presence in human blpood of different profeolytic
irhibitors, whick differ in their specific effect on irypsinr and piasmin
{3, 2, X, 4, 5 It is obvious from the present data that it was necessary
to use «nproxirnately 10 times s much inhibitor preparation o inacti -
vate the same proteoclytic plasmin activity as trypsin activity. It may,
thereiore, be possible to observe mainly antilr yptic and comparative' -
little antiplasmin activity if the amounta of the inhibitor preparation
smployed in the antiplasmin asssy are not in the rznge of proper concen-
tration, Thir ralic of antipiasmn to antitrypsin activity would have to
be taken into accoun! if pre measures the antiplasmin activity of an
inhibitor preparation. ‘
V. SUMMARY

Experiments to separate antittypsin and antiplasmin activity of
bovine blood by ammomium sulfate fracticnation, bv electrophoresis,
and by heat snact.vation indicate that the antiproteolvtic activity of
bovine blaod sgainst trvpsin and plasmin s due to a single intubitory
factor.




Vi. RECOMMENDATIONS

Further purification of the antiproteolytic preparations, o .ained
by electrophoresis of certain bovine plasma fractions, i irndicated,
These st:dies should be extended to human blcod.

VIiI. BIBLIOGRAPHY

1. Greb, D. Froteolytic enzyn,ea, III. Further studies on
protein, polvoeptide, and other inhibitors of serum prete.nase,
leucoproteinase, trypsin, and papain. J. Gen. Physiol, 33:
103, 1949, ’

<. Shuiman, N. R. Studies on inhibition of proteolytic enzvrnas
bv serum. II. Demonstration that gseparate proteolylic in-
hibitors exi8t in serum. Their distinclive properties and the
specificity of their action. J. Exper. Med. 95: 593, 1952

3. Ratnoff, O. D., I, H, Lepow, and L.. Pil'»mer. The rulti-
plicity of plasimnin inhibitors 1n human serum, demonat:ated
by the effect of primary amino compounde. Bull, Jobrs Hopkins
Hosp. _?'f_: 169, 1954,

4. Jacobsson, K. Trypsin and plasmin inhibitors in humsn seram .
Scand. J. Clin. & Lab. Invest 7: Suppl. 14, Part Il: 55, 1355

5. Siegel, M., M. Barciay, and £. ., Cliffton. Separation of
antiplasmin from human plasma. Abstract 164, Division of
Biological Chemistry, ACS Merting, Atlantic City, 1936,

5. Loomis, E. C., A. Ry?er, and C. George, Jr. Fibrinclysin
and antifibrinolysin. Biochemical concentration of antifibrino -
lysin. Arch. Biochem. 20: 444, 1949,

7. Peanasky, R. J,. and M. Laskowski. Partial purification of
the trypsin inhibitor from blood plasma. I, Binl. Chem.
E_?: 1%3, 19%3,

8. Selden, G. L., and IJ. ¥. Went;hai. An apparatus for continu -
ous paper electrophore 8. AMRLU Report No. 241, F »rt Knox,
Ky., 19%6

9. Chriatesen, L, R., and . H. Smith, Jr. Plasminogen
purification by acid extraction. FProc. Soc. Yxper. Med. &
Biol. 74: 840, '950




Fishman, J. B., and D. L. Kiline. Isolation
purified human plasmin {fibrinolysinl, Proc. Svc. Exper.
Biol., & Med. 91: 323, 1956,

of partially

1.  Bioccherical preperations. Fdited by H, £. Carter, New York
John Wiley & Sons, 1950,

id. Sherry, 5. The fibrinciytic activity of streptokinase-zctivated
human plasmin., 7 Chin. Invest. 33: 1034, 19%4.

13 Troil, W., and &, Sherry. The a “ivation «f human plasmincgen
L, strepiokinase. J, Biol, Chem. J13; 88! 955,

.

Northrup, J. H., M. Kunitz, and R, M, Herrntt. Crystalline
enzymes, Ed4. &, : 308, New York, Columbia Univeraity Preas,

1948,

1% Remmert, L. ¥F., and ¥, P. Cohen. Jartizal purificaticn and
propertics of & proteolytic enzyme of human gevum. Jj. Biol.
Thewn. 181: 431, 1949,

16.  Christensen, L. R., and C. M. Macieod. Proicolviic enzyr o
of serum: (Characlerization, activation, and reaction with in-
hibitors, J. Gen. Physiol, 2H: 553, 1945,

v

7. Lewis, J. H., and J. H. Ferguson. Studica s5u & proteolytic
enzyme system of the bload, [ inhibitor of hibrinolysin. J.
Clin. Invest 29 486, 19%0.

18, Gray, E. J., E. T, Volkriager, U. #. Chamowta, W, F.
Kocholety and 3. Jensen. Endocrineg influence orn the plasmin-
plasmin (nhibitor svysatermn in the Linod oy rats. frdoorinalogy.
52: 218, 1953,

t9.  Shuiman, N. R, A proteoiviic inhibitor with anticoagulart
activitv separated ‘rom human urine and plasma. J. Biol,
Chem. 213 655, 19%5




TABLY |
ANYIPROTECAYTIC ACTIVITY OF BIVINE SERUH
AN (OF IRZIBITOR FHACTIONS 1 AMD 1Y

Bael Serus Takibitor Inkibiter
Per al f'ruction ] Fractiom (1
Pyr ug Per =y

AP Unita 2 .4
AT*® Unitr 319 1.
AT AP Ratio 1Lt .
Average valwes of 4 oxps:iwents

‘AP + Kntipleawmin

AT + Aotilrymein

TABL. ¢
ANTIOROCTU YT ACTIVITY OF ELICTROPHDRESTE IRACT IOWS
Stertrug B i
R Matysial Fruciiwm A Frection B Fracliom C Frastiee D Fractiea F
A Umicesmy 2.3 8.4 .0 1.6 5.6 12
AT Unite/m bt I 8.5 i2.0 14.0 74.8 .0
AT/RP Batie 12.8 {1.2 12.3 12.0 ir.0 1L.8
hvoregs of twe aspasaie experimsisy, Iractiaw A, B, «d C refer te the wiklle compomsats
sollpoted . Fravtioes I and £ are the foet seving compements. The mmiipr sdwoelvtic srtarity
cf the 2lom o8 Wil o5 lbw fanims? mwing cospame:’a Tos sealiglble asd. therifere. i .
T erdet .

TARLE 2

FEAT IMACTIYAYICR OF SATIFRCTORYTIC ACTIVITY &T $3° € 7UR 45 KIM.
Tudibitor inaihicoc Takibiror Ik oy
froctioes | Fracthoa 1 Frootios B7 Freeties 1T
Uebocind o esd Uelea 0d Woted

AP Unite /oy L. 2.5 3.3

E Y9 i4. 4 3.0 13.0

FEAP Rotio g, » 12 8 14.%
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